From a library of DNA fragments associated with Ultrabithorax protein in vivo, we have isolated nessy, a new Drosophila gene that encodes a putative transmembrane protein conserved in evolution from Caenorhabditis elegans, to human. Zygotic expression occurs transiently in mesectodermal cells at gastrulation, proceeds in mesoderm and endoderm lineages during germ band movements and becomes then restricted to anterior and posterior domains in the visceral mesoderm. The Hox proteins Ultrabithorax, Antennapedia and AbdominalA are likely acting simultaneously to repress nessy in the other parts of the visceral mesoderm. q
Results and discussion
Homeotic (Hox) genes encode evolutionary conserved master regulatory molecules that control body plan organisation and morphogenetic process induction (GarciaBellido, 1975; Lewis, 1978) . Their products act as transcription factors and regulate different sets of target genes (Krumlauf, 1994) . While individual Hox protein might directly control several hundreds of downstream targets (Mastick et al., 1995; Walter and Biggin, 1996) , only few are identi®ed so far (Graba et al., 1997) .
The nessy (nes) transcription unit was found in a search for target genes of Ultrabithorax (Ubx) Hox protein. The starting point was a clone (CU 31.4) from a library enriched in genomic fragments bound in vivo to Ubx (Graba et al., 1992) . Its sequence (Fig. 1A) contains ®ve ATTA cores found in most homeodomain binding sites (Desplan et al., 1988) . CU 31.4 was cytogenetically mapped at 76A and used to start a chromosomal walk. Probing an embryonic cDNA library with genomic DNA from the walk identi®ed two overlapping cDNAs lying 8 kb away from CU31.4 (Fig.  1B) . On a developmental Northern blot (Fig. 2) , the longest cDNA (2.2 kb) identi®ed one major transcript of the same size and two minor forms of 3 and 5 kb. The 2.2 kb cDNA likely corresponds to a full-length copy of the short transcript. nes expression occurs throughout development, with highest levels in adult females and preblastoderm embryos, suggesting a maternal contribution.
The largest open reading frame in the cDNA (2247 bp; accession no. AF1281132) is preceded in frame by several stop codons. Searches in databases revealed it encodes a novel protein (497 amino acids) that has been signi®cantly conserved during evolution. The Drosophila protein is 31, 36 and 35% identical to sequences from C. elegans, mouse and human, respectively; values reach 68, 70 and 70% by taking into account conservative changes (Fig. 1C) . The major structural feature of these proteins is the abundance of putative transmembrane domains, 10 in Nes, lying at almost the same positions (Fig. 1C) . Four other proteins, from yeast and C. elegans, appear also related to Nes. They show comparable size to Nes, same abundance of putative transmembrane domains and from 20 to 24% identity (50±60% with conservative changes) when they are aligned to the Drosophila product (not shown). Moreover, a signi®cant number of residues are conserved between these proteins and Nes homologues (arrows in Fig. 1C ). nes might therefore de®ne a new transmembrane protein family.
Embryonic spatiotemporal pattern of expression was obtained by whole mount in situ hybridisation. The maternal contribution, seen in preblastoderm embryos, rapidly falls down at cellularisation, and transcripts are mostly detected along the midline in the presumptive mesectoderm through gastrulation (Fig. 3A,B) . During germ band elongation, nes expression proceeds in mesoderm and endoderm primordia and in the cephalic furrow (Fig. 3C,D) . Transcription in mesoderm and endoderm lineages is maintained at high levels during germ band shortening (Fig. 3E,F) . By the end of this process, transcripts are no longer detected in somatic mesoderm or the endoderm layer, and nes expression becomes restricted to anterior and posterior domains of the visceral mesoderm (VM; Fig. 3G,H) .
As nes was originally identi®ed in a search for Ubx target genes, we investigated whether its expression might depend on the activity of Ubx and other Hox genes. In Ubx 9.22 embryos, ectopic transcription appears in parasegment 7 of the VM (Fig. 3I) , the wild type expression domain of Ubx in the gut (Tremml and Bienz, 1989) . Thus, Ubx is required to repress nes in this domain. In Antp W10 Df(3R)P9 embryos, nes becomes transcribed everywhere in the epithelium (Fig. 3J) . This indicates that Antennapedia (Antp) and AbdominalA (AbdA) are not responsible for transcription activation in the anterior and posterior domains, but likely act concomitantly with Ubx to repress nes expression in the other parts of the VM instead.
Methods

Flies and in situ hybridisation
Oregon R was used as standard. Hox alleles were Ubx 9.22 (Kerridge and Morata, 1982) and Antp W10 Df(3R)P9 (de®-cient for Antp, Ubx, abdA and AbdominalB; Riley et al., 1987) . Whole mount in situ hybridisation using RNA probes was as in O'Neill and Bier (1994) , except that embryos were ®rst ®xed in 4% formaldehyde and that xylene wash and proteinase K treatment were omitted. Embryos homozygous for Ubx 9.22 and Antp W10 Df(3R)P9 were identi®ed using an abdA-lacZ balancer and a double staining with anti-Ubx antibody, respectively.
Molecular biology
Overlapping phages (31.13, 31.12, 31.15, 31.16) were recovered by screening a Drosophila genomic library (Maniatis et al., 1978) with CU31.4. The 31.12 phage insert, produced by long-range PCR, was used to screen a 4±12 h embryonic cDNA library (Brown and Kafatos, 1988) gridded in the laboratory. Sequencing was performed bỳ Genome Express' (Grenoble, France). (Thompson et al., 1994) of Nes sequence with its homologues in C. elegans, mouse and human. Stars and dots indicate amino acids conserved in the four sequences and conservative substitutions, respectively. C. elegans (2088868), mouse (2289908; chromosome 6) and human (1673520; chromosome 12p13; Ansari-Lari et al., 1997) proteins are conceptual translations of genomic sequences. Sequences were con®rmed, and possibly extended towards the N-terminus, using overlapping sets of ESTs: twelve (C47990, C45139, C49830, C49416, C40000, C42545, D73829, C36029, C36933, C33892, C37475, C31943), three (AI317002, AI036589, AI037271) and two (AA182534 and AA305393) from C. elegans, mouse and human, respectively. Mammalian sequences are 88% identical to each other. Boxed sequences correspond to transmembrane domains predicted by PHDhtm output (Rost et al., 1995) . Arrows below the alignment point to amino acids that are also conserved in four other putative transmembrane proteins from yeast (2842509 and 2132906) and C. elegans (1065454 and 3874149). Df(3R)P9 embryos, nes expression is detected everywhere in the VM.
